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- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
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Status 

1 Responsive to communlcation(s) filed on 06 April 2006 , 
2a)n This action is FINAL. 2b)S This action is non-final. 

3) D Since this application is In condition for allowance except for fomnal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 

Disposition of Claims 

4) S Claim(s) 1-5,7-11 and 13-22 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) 0 Claim(s) is/are allowed. 

6) 13 Claim(s) 1-5.7-11 and 13-22 is/are rejected. 
/)□ Claim(s) is/are objected to. 

8) 0 Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) 0 The specification is objected to by the Examiner. 

10)EI The drawing(s) filed on 23 June 2006 is/are: a)|SI accepted or b)n objected to by the Examiner. 
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Replacement drawing sheet(s) including the con-ection is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
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application from the International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 
Response to Applicant's Amendment and Arguments 

1. The final rejection as set forth in paper No. (010606) mailed on January 10^*^, 2006 is 
withdrawn in response to applicant's persuasive arguments in the pre-appeal brief request 
for review submitted on April 6*, 2006. A new rejection is made as set forth in this 
Office Action, Claims (1-5, 7-1 1 and 13-22) are pending in the application. 

Claim Rejections - 35 USC §103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

3. Claims 1-5, 7-1 1 and 13-22 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kakkad (U.S. Patent 6,610,613) m view of Kawakami et al. (U.S. Patent 6,470,824). 

In re claim 1, Kakkad discloses a method of low-temperature nitridation of a 
silicon substrate comprising: 

placing a silicon wafer (WAFER) in a vacuxmi chamber on a heated chuck (col. 2, 
lines 37-41); 

maintaining the silicon wafer at a temperature of between about 20 to 700 °C (col. 
4, lines 12-14); 

introducing a nitrogen-containing gas into the vacuimi chamber, wherein the 
nitrogen-containing gas is taken form the group of gases consisting of NH3 (col. 2, lines 
63-66); 
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dissociating the nitrogen-containing gas into nitrogen with a xenon excimer lamp 
(UV LAMP), and flowing the nitrogen over the silicon wafer (col. 2, line 64 to col. 3, line 
5). Note that the xenon excimer lamp as taught by Kakkad inherently operating at a 
wavelength of 172 nm to flow the nitrogen over the silicon wafer; and 

growing a silicon nitride layer on at least a portion of the sihcon wafer, wherein 
the silicon nitride layer is formed from silicon in the silicon wafer and nitrogen from the 
dissociated nitrogen-containing gas (col 3, line 65 to col. 4, line 4 and FIG. 1). 



Kakkad discloses introducing a nitrogen-containing gas into the vacuum chamber 
wherein the nitrogen-containing gas is taken from the group of gases consisting of NH3 in 
order to grow a silicon nitride layer on at least a portion of the sihcon wafer (col. 2, hues 
64 to col. 3, line 5) but does not exphcitly discloses growing a silicon nitride layer that 
has a thickness of less than 5 nm as recited in independent claim 1. 

Kawakami . however, discloses a process of low-temperature nitridation of a 
silicon substrate comprising placing a silicon wafer W in a vacuxmi chamber 32, 
maintaining the silicon wafer W at a temperature of 400 °C and introducing a nitrogen- 





PI6URE 1 



Application/Control Number: 10/602,194 
Art Unit: 2823 



Page 4 



containing gas (N2) into the vacuum chamber to grow a silicon nitride layer on at least a 
portion of the silicon wafer wherein the silicon nitride layer has a thickness of 4 nm (col. 
9, lines 22-55 and FIG. 3). 



Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to combine the teaching of Kakka and Kawakami to 
enable the process of growing a silicon nitride layer having a thickness of less than 5 nm 
of Kakka to be performed and furthermore to provide a method for manufacturing 
semiconductors that can form a SiN fihn of high quaUty in a short time (col. 2, lines 29- 
32, Kawakami). 

In re claim 2, as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein the method further 
includes maintaining the vacuimi chamber at a pressure of between about 50 mTorr to 
about 1 Torr (col. 9, lines 27-28, Kawakami). 

In re claim 3 as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein introducing the 



FIG. 3 
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nitrogen-containing gas in the vacuum chamber includes providing a gas flow rate of 
about 20 seem (col. 9, lines 30-35, Kawakami). 

In re claim 4, as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein maintaining includes 
maintaining the wafer in the vacuum chamber in contact with nitrogen for about 30 
seconds (col. 9, lines 40-44, Kawakami). 

In re claim 5, as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein forming a silicon nitride 
layer on a silicon wafer in a time period of about 30 seconds (col 9, lines 40-44, 
Kawakami). 

In re claim 7, as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein forming includes 
providing a positively charged interface across the nitride layer (col. 2, lines 64 to col. 3, 
line 2, Kakka). 

In re claim 8, as applied to claim 1 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein placing a silicon wafer 
having a layer of silicon oxide on the upper surface thereof in a vacuum chamber (col. 9, 
lines 35-44 and FIG. 7B, Kawakami). 

RIG. T^B 
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In re claim 9, Kakkad discloses a method of low-temperature nitridation of a 
silicon substrate comprising: 

placing a silicon wafer (WAFER) in a vacuum chamber on a heated chuck (col. 2, 
lines 37-41); 

maintaining the silicon wafer 6 at a temperature of between about 20 to 700 °C 
(col. 4, lines 12-14); 

introducing a nitrogen-containing gas into the vacuxmi chamber, wherein the 
nitrogen-containing gas is taken form the group of gases consisting of NH3 (col. 2, lines 



dissociating the nitrogen-containing gas into nitrogen with a xenon excimer lamp 
(UV LAMP), and flowing the nitrogen over the silicon wafer (col. 2, line 64 to col. 3, line 
5). Note that the xenon excimer lamp as taught by Kakkad inherently operating at a 
wavelength of 172 nm to flow the nitrogen over the silicon wafer; and 

growing a silicon nitride layer on at least a portion of the silicon wafer, wherein 
the silicon nitride layer is formed from silicon in the silicon wafer and nitrogen from the 
dissociated nitrogen-containing gas (col. 3, line 65 to col. 4, line 4 and FIG. 1). 



63-66); 





Application/Control Number: 10/602,194 
Art Unit: 2823 



Page? 



Kakkad discloses introducing a nitrogen-containing gas into the vacuum chamber 
wherein the nitrogen-containing gas is taken from the group of gases consisting of NH3 in 
order to grow a silicon nitride layer on at least a portion of the silicon wafer (col. 2, lines 
64 to col. 3, line 5) but does not explicitly discloses growing a silicon nitride layer that 
has a thickness of less than 5 nm at a pressure of less than 200 mTorr as recited in 
independent claim 9. 

Kawakami. however, discloses a process of low-temperature nitridation of a 
silicon substrate comprising placing a silicon wafer W in a vacuimi chamber 32, 
maintaining the silicon wafer W at a temperature of 400 °C and introducing a nitrogen- 
containing gas (N2) into the vacuum chamber to grow a siUcon nitride layer on at least a 
portion of the silicon wafer wherein the silicon nitride layer has a thickness of 4 nm (col. 
9, lines 22-55 and FIG. 3) and wherein maintaining the vacuum chamber at a pressure of 
between about 50 mTorr to about 1 Torr (col. 9, lines 27-28, Kawakami). 



FIG. 3 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to combine the teaching of Kakka and Kawakami to 
enable the process of growing a silicon nitride layer having a thickness of less than 5 nm 
of Kakka to be performed and furthermore to provide a method for manufacturing 
semiconductors that can form a SiN fihn of high quality in a short time (col. 2, lines 29- 
32, Kawakami). 

In re claim 10, as appUed to claim 9 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the Umitation wherein forming a silicon nitride 
layer on a silicon wafer in a time period of about 30 seconds (col. 9, Unes 40-44, 
Kawakami). 

In re claim 1 1, as applied to claim 9 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein maintaining includes 
maintaining the wafer in the vacuum chamber in contact with nitrogen for about 30 
seconds (col. 9, lines 40-44, Kawakami). 

In re claim 13 as applied to claim 9 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein introducing the 
nitrogen-containing gas in the vacuum chamber includes providing a gas flow rate of 
about 20 seem (col. 9, lines 30-35, Kawakami). 

In re claim 14, as applied to claim 9 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein forming includes 
providing a positively charged interface across the nitride layer (col. 2, lines 64 to col. 3, 
Une 2, Kakka). 
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In re claim 15, as applied to claim 9 above, Kakka in combination with Kawakami 
discloses all claimed limitations including the limitation wherein placing a silicon wafer 
having a layer of silicon oxide on the upper surface thereof in a vacuum chamber (col. 9, 
lines 35-44 and FIG. 7B, Kawakami). 



In re claim 16, Kakkad discloses a method of low-temperature nitridation of a 
siHcon substrate comprising: 

placing a siUcon wafer (WAFER) in a vacuum chamber on a heated chuck (col. 2, 
lines 37-41); . 

maintaining the silicon wafer at a temperature of between about 20 to 700 ^'C (col. 
4, lines 12-14); 

providing a positively charged interface across the nitride layer (col. 2, lines 64 to 
col. 3, line 2). 

introducing a nitrogen-containing gas into the vacuum chamber, wherein the 
nitrogen-containing gas is taken form the group of gases consisting of NH3 (col. 2, lines 
63-66); 

dissociating the nitrogen-containing gas into nitrogen with a xenon excimer lamp 
(UV LAMP), and flowing the nitrogen over the silicon wafer (col. 2, line 64 to col. 3, line 
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5). Note that the xenon excimer lamp as taught by Kakkad inherently operating at a 
wavelength of 172 ran to flow the nitrogen over the silicon wafer; and 

growing a silicon nitride layer on at least a portion of the silicon wafer, wherein 
the silicon nitride layer is formed from silicon in the silicon wafer and nitrogen from the 
dissociated nitrogen-containing gas (col. 3, line 65 to col. 4, line 4 and FIG. 1). 



Kakkad discloses introducing a nitrogen-containing gas into the vacuum chamber 
wherein the nitrogen-containing gas is taken from the group of gases consisting of NH3 in 
order to grow a silicon nitride layer on at least a portion of the silicon wafer (col. 2, lines 
64 to col. 3, Hne 5) but does not exphcitly discloses growing a silicon nitride layer that 
has a thickness of less than 5 nm as recited in independent claim 16. 

Kawakami , however, discloses a process of low-temperature nitridation of a 
silicon substrate comprising placing a siUcon wafer W in a vacuum chamber 32, 
maintaining the siUcon wafer W at a temperature of 400 ®C and introducing a nitrogen- 
containing gas (N2) into the vacuum chamber to grow a siUcon nitride layer on at least a 




FIGURE 1 
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portion of the silicon wafer wherein the silicon nitride layer has a thickness of 4 nm (col. 
9, lines 22-55 and FIG. 3). 



Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to combine the teaching of Kakka and Kawakami to 
enable the process of growing a silicon nitride layer having a thickness of less than 5 nm 
of Kakka to be performed and furthermore to provide a method for manufacturing 
semiconductors that can form a SiN film of high quality in a short time (col. 2, lines 29- 
32, Kawakami). 

In re claim 17, as appUed to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the limitation wherein the nitrogen- 
containing gas is taken form the group of gases consisting of NH3 (col. 2, lines 63-66, 
Kakka). 

In re claim 18, as applied to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the limitation wherein the method 



FIG. 3 
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further includes maintaining the vacuimi chamber at a pressure of between about 50 
mTorr to about 1 Torr (col. 9, lines 27-28, Kawakami). 

In re claim 19, as applied to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the limitation wherein forming a 
silicon nitride layer on a silicon wafer in a time period of about 30 seconds (col. 9, lines 
40-44, Kawakami). 

In re claim 20, as applied to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the hmitation wherein maintaining 
includes maintaining the wafer in the vacuum chamber in contact with nitrogen for about 
30 seconds (col. 9, lines 40-44, Kawakami). 

In re claim 21 as applied to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the limitation wherein introducing 
the nitrogen-containing gas in the vacuum chamber includes providing a gas flow rate of 
about 20 seem (col. 9, lines 30-35, Kawakami). 

In re claim 22, as applied to claim 16 above, Kakka in combination with 
Kawakami discloses all claimed limitations including the limitation wherein placing a 
silicon wafer having a layer of silicon oxide on the upper surface thereof in a vacuum 
chamber (col. 9, lines 35-44 and FIG. 7B, Kawakami). 



f=l<3. 
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Response to Applicants Arguments 

4. Applicant's arguments, see page 1 of the pre-appeal brief request for review, filed April 
06^, 2006, with respect to the rejection(s) of claim(s) 1-5, 7-1 1 and 13-22 under 35 
U.S.C. 103(a) have been fully considered and are persuasive. Therefore, the rejection has 
been withdrawn. However, upon further consideration, a new ground(s) of rejection is 
made in view of Kakkad (U.S. Patent 6,610,613) in combination with Kawakami et al. 
(U.S. Patent 6,470,824) as described above in Paragraph 3 presented in this Office 
Action. 

Conclusion 

5. Any inquiry concerning this communication or earher communications fi"om the 
examiner should be directed to Khiem D. Nguyen whose telephone number is (571) 272- 
1865. The examiner can normally be reached on Monday-Friday (8:30 AM - 5:30 PM). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew S. Smith can be reached on (571) 272-1907. The fax phone number 
for the organization where this appUcation or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
pubUshed applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 
Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO 
Customer Service Representative or access to the automated information system, call 
800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



K.N. 

August 01, 2006 




M/ArmEW SMITH 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 2800 



